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Description 

[0001] The invention relates generally to digital imag- 
ing systems and more particularly to the design of an 
optical system for digitally capturing an image. 5 
[0002] JP-A-5,284,405 discloses a method of forming 
images comprising the steps of providing a sensor for 
forming image data representative of an image directed 
onto the sensor; shaping images presented to the sen- 
sor to include substantial distortion including selecting 
an optical system to achieve such shaped images; and 
correcting the shaped images within a digital image 
processing system connected to receive signals from 
the sensor, including reshaping the shaped images to 
substantially correct the substantial distortion. 
[0003] US-A-4,453,178 discloses a method of form- 
ing an image comprising the steps of providing televi- 
sion projection apparatus for producing an image which 
is going to be projected representative of an image sig- 
nal inputted to the apparatus; shaping images present- 
ed by the apparatus to include substantial distortion as 
a sacrifice to offsetting other forms of aberrations, in- 
cluding selecting an optical system to achieve such 
shaped images; and correcting the images within the 
apparatus to substantially correct the substantial distor- 
tion when the shaped images are projected on a screen. 
[0004] Digital imaging is utilized in a wide variety of 
applications. Various types of microscopes capture im- 
ages of objects on a digitizing image sensor, allowing 
the captured image data to be manipulated and dis- 
played. During laproscopic surgeries, the images of in- 
ternal organs are captured by small imaging optics of 
endoscopes, and are displayed on a monitor for viewing 
by the performing surgeon. In another example of the 
application of digital imaging, scanners are used exten- 
sively to obtain a digital image from a printed form or 
from a photographic film for display on a computer mon- 
itor and/or for further image manipulation. Images of 
two-dimensional or three-dimensional objects can be di- 
rectly obtained by the use of digital cameras. 
[0005] In each of these applications of digital imaging, 
a digitized raw image is acquired and is immediately ac- 
cessible for processing. The processing may be imple- 
mented in any of a variety of approaches before a final 
image is formed. An array of image processing routines 
may be executed prior to viewing the final image. 
[0006] Digital imaging may be broken down into three 
main components. The first component is the optical ar- 
rangement for imaging an object or objects of interest. 
This image is directed onto a sensor, which is the sec- 
ond main component. The sensor provides the digitized 
raw image. The sensor may be a charged coupled de- 
vice (CCD) having a two-dimensional array of sensor 
elements, but other digital sensors are known. The third 
main component is the digital image processing system 
that manipulates the digitized raw image to form the final 
image. This third component may include a monitor, a 
printer, or an analytical device that provides information 



related to the imaged object or objects. 
[0007] At each of the three component levels, the goal 
of the designer or programmer is typically to maintain 
the accuracy of the image of the object or objects. For 
example, at the optics level, one goal is to minimize the 
degradation caused by aberrations of the optical sys- 
tem. Primary aberrations are sometimes referred to as 
"Seidel Aberrations" and include astigmatism, coma, 
Petzval curvature, distortion and spherical aberration. 
Astigmatism refers to the condition wherein the focal 
length for one plane of rays perpendicular to the focal 
plane is different than that for the mutually orthogonal 
plane. Coma refers to the situation wherein rays from a 
single point in the object plane converge to different 
points in the image plane, depending upon where the 
rays pass through the aperture. Distortion is a variation 
of the effective magnification of an optical system as a 
function of position in the image plane. Petzval curva- 
ture refers to the situation where the surface of proper 
focus is a curved surface, rather than the image plane. 
A simplified definition of spherical aberration is a varia- 
tion of focus with aperture. The magnitude of spherical 
aberration therefore depends upon the height of a ray. 
[0008] When an off-axis point's image falls at a point 
closer or further away from the optical axis than the 
same point's image by the paraxial rays, the image is 
said to have distortion. The amount of distortion is the 
transverse distance between the actual image point and 
the paraxial image point. This displacement is usually 
measured in terms of the percentage of displacement 
with respect to the position of the paraxial image point 
from the optical axis. The displacement usually varies 
as the cube of the distance from the axis. Thus, for a 
square object, corners of the object will be distorted 2j2 
as much as the center of the sides of the object. In the 
case where the image points move further away from 
the optical axis, the corners of the image appear to be 
pointed outwardly. This phenomenon is called pincush- 
ion distortion and the magnitude is a positive percent- 
age. On the other hand, when the image points move 
inwardly from the correct position, the corners of the im- 
age are more rounded. This phenomenon is referred to 
as barrel distortion and the magnitude is a negative per- 
centage. Other aberrations include chromatic aberra- 
tions. 

[0009] The designer of an optical system for a digital 
image application often must select a balance between 
correction of the different aberrations. That is, there is 
a tradeoff between corrections of aberrations. For ex- 
ample, correction of astigmatism often introduces or in- 
creases field curvature. Coma is particularly difficult to 
correct, since it is non-symmetrical. 
[0010] Inaccuracies in imaging may also occur at the 
sensor level. As noted in U.S. Pat. No. 5,353,056 to 
Westerink et al., misregistration of an image may occur 
because separate CCD arrays are inconsistently 
aligned. If the CCD arrays are not properly aligned, the 
different light images will be sampled at different spatial 
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positions. This misregistration of the sampled images 
causes color edges in the combined images to appear 
at different positions. The patent also teaches that there 
can be an electronic correction for chromatic aberration 
and geometric distortion in an image caused by the lens 5 
system and skew among the images caused by mis- 
alignment of the different color image sensors. Sampled 
data signals are first interpolated across either the rows 
or columns of an image and then across the columns or 
rows of the image to change the magnification and reg- 10 
istration factors of the images represented by each of 
the sampled data signals from the respective color im- 
age sensors. The changes to the magnification and reg- 
istration factors are to provide a consistent magnifica- 
tion function across the image that is substantially equal 15 
to a desired magnification function. 
[0011] The Westerink et al. patent is consistent with 
the conventional approach of maximizing image quality 
within manufacturing constraints (e.g., cost and/or com- 
plexity) at each of the three component levels of the 20 
overall system. While Westerink et al. provides advan- 
tages over many prior art techniques, further improve- 
ments are available. 

[0012] In general, prior art digital imaging design ap- 
proaches and imaging systems only provide an en- 25 
hanced final image with a corresponding increase in 
cost/complexity. 

[001 3] According to a first aspect of the present inven- 
tion, there is provided a method of forming digital images 
as specified in claim 1 . 30 
[0014] According to a second aspect of the present 
invention, there is provided a method of forming an im- 
aging system as specified in claim 7. 
[0015] The imaging system divides the assignments 
of correcting aberrations between pre-sensor optics and 35 
post-sensor digital processing. The optical arrangement 
is selected to provide a "best enhanceable image" to a 
sensor, rather than to provide an aberration -free image 
to the sensor. In a preferred embodiment, the optical ar- 
rangement maintains a tight balance among the various 40 
forms of sharpness-related and resolution-related aber- 
rations, other than distortion. Distortion is introduced as 
a result of design corrections for reducing other aberra- 
tions, the distortion characteristics of the optical ar- 
rangement are identified. The distortion typically ex- 45 
ceeds five percent. Distortion compensation is then 
achieved at the processing level. 
[0016] At the optics level of the imaging system, ab- 
errations such as astigmatism, coma, chromatic aber- 
rations, Petzval curvature, and spherical aberration are so 
balanced. This balancing includes tradeoffs in the re- 
duction of one form of aberration to the increase of an- 
other form. However, distortion considerations are re- 
duced in significance and are preferably disregarded. 
Therefore, optical design is carried out in the absence 55 
of tradeoff considerations related to distortion. 
[001 7] For most applications, distortion levels greater 
than two percent are unacceptable. The invention in- 



cludes pre-sensor imaging to exceed this value, but re- 
duces distortion to a low level by providing the post-sen- 
sor processing. Digital image processing is well suited 
for distortion corrections. This is particularly true where 
distortion defects are consistent throughout a field of 
view of an optical system. The task is further simplified 
by identifying the distortion characteristics of the optical 
system to the digital image processing system. As pre- 
viously noted, the distortion level imposed by the optical 
element will typically exceed five percent. In some ap- 
plications, the image displacement introduced by optical 
distortion exceeds ten percent of paraxial image height 
of an image formed by the optical arrangement. Howev- 
er, this high level of distortion can be offset at the post- 
sensor processing to provide a final image having a dis- 
tortion level that is preferably less than one percent. 
[001 8] The optical arrangement may be considered to 
be a pre-shaping system that introduces substantial dis- 
tortion as a sacrifice to offsetting other forms of aberra- 
tions. In a subsequent step, the images captured by a 
sensor, such as a CCD array, are digitally corrected to 
remove the substantial distortion. An advantage of the 
invention is that the relaxation of distortion correction at 
the pre-sensor level allows a fewer number of optical 
surfaces to be used, while achieving the same degree 
of final-image quality of the overall system. The reduced 
number of optical surfaces translates into fewer ele- 
ments, so that the cost of the imaging system is reduced 
without a loss of performance. Alternatively, enhanced 
performance can be achieved without increasing the 
cost of the overall system. Relatedly, since controlling 
distortion conventionally has been a significant factor in 
determining the limitations of wide angle optical ar- 
rangements, relaxing the distortion correction require- 
ments allows wider angle arrangements to be utilized. 
[001 9] Embodiments of the present invention will now 
be described, by way of example only, with reference to 
the accompanying drawings, of which: 

Fig. 1 is a schematical representation of a digital 
imaging system; 

Fig. 2 is a block diagram of steps for implementing 
a preferred system of Fig. 1 ; 
Fig. 3 is a prior art optical system designed using 
conventional lens design goals; 
Fig. 4 is a graphical illustration of the astigmatism, 
distortion and lateral color characteristics of the op- 
tical system of Fig. 3; 

Fig. 5 is a graphical representation of modulation 
transfer functions for the prior art system of Fig. 3; 
Fig. 6 is a side view of an optical system having re- 
laxed distortion requirements, in accordance with 
the approach of Fig. 2; 

Fig. 7 is a graphical representation of the astigma- 
tism, distortion and lateral color characteristics of 
the optical system of Fig. 6; 

Fig. 8 is a graphical representation of modulation 
transfer functions for the optical system of Fig. 6. 
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[0020] With reference to Fig. 1 , a digital imaging sys- 
tem 1 0 is shown as including optics 1 2 having an optical 
axis aligned with the sensor 14. Utilizing optics 12 and 
sensor 1 4, a digitized raw image of a portion of a surface 
1 6 of interest can be captured. As will be explained more 
fully below, the optics 12 represent a number of optical 
elements that are designed with the goal of maintaining 
a tight balance among sharpness-related and resolu- 
tion-related aberrations, other than distortion. 
[0021] The surface of interest 1 6 may be a document 
that is to be scanned into computer memory, but the in- 
vention may be used in other applications. For example, 
the method and system that are designed and imple- 
mented in accordance with the invention may be used 
in such applications as surgical imaging, microscope 
analysis, and wide-scene viewing. 
[0022] The sensor 14 generates digitized raw data 
representative of light that is directed onto the sensor 
by the optics 12. The digitized raw data may be sets of 
discrete samples or may be captured in continuous time. 
In one embodiment, the sensor is a CCD array that is 
used to provide a grid pattern of quantized sample val- 
ues at selected intervals. Thus, a numerical represen- 
tation of the image is formed. 

[0023] Signals from the sensor 1 4 are input to a digital 
processing system 18.Thesignals are manipulated ac- 
cording to pre-selected operations. The operations may 
take a pixel-by-pixel approach or may be global. A final 
image is then provided at display 20. The display may 
be a computer monitor or printer, but this is not critical. 
In some digital imaging applications, the "final image" is 
a printout of data that is used for analytical purposes. 
For example, there may be a display of pixel-value dif- 
ferences between two images formed at different sam- 
pling times. 

[0024] Conventionally, each of the various compo- 
nents of the imaging system 1 0 is designed to maximize 
image restoration accuracy. That is, the conventional 
approach is to minimize all aberrations introduced by the 
optics 12, so that a relatively defect-free image is pre- 
sented to the sensor 14. However, correcting one form 
of aberrations often increases the level of another form. 
As a result, there are typically tradeoffs that are made 
during the design of an optical system. Tradeoffs are al- 
so encountered at the other components of the imaging 
system. 

[0025] In comparison to the conventional approach, 
the approach represented by the steps of Fig. 2 is to 
design the optical system while taking the strengths of 
digital imaging processing into consideration. Distortion 
is one of the more difficult aberrations to correct at the 
optics level, but uniform distortion is, for example, rela- 
tively easily corrected at the digital processing level. 
This is particularly true if the characteristics of the optical 
system are input to the digital processing system 1 8. By, 
for example, defining the exact amount of displacement 
for each of the radial field positions of a digitized image 
from the sensor 14, distortion correction can take place 



at the operations of image processing. By, for example, 
relaxing the tolerance of image distortion at the optics 
level, lens design is somewhat simplified, especially for 
large aperture systems. Wide angle lenses may then be 
5 made more obtainable, since distortion is one of the 
main limiting factors in the design of wide angle lenses. 
[0026] In a preferred first step 22 of Fig. 2, the optical 
system is designed to offset at least some of the forms 
of aberrations otherthan distortion. Typically, the imple- 
mentation of step 22 will result in a distortion level in the 
range of five percent to ten percent. However, the dis- 
tortion level may exceed ten percent in some applica- 
tions. The aberrations that are primarily considered in 
the design of the optical system 12 may include astig- 
matism, coma, spherical aberrations, Petzval field cur- 
vature, and chromatic aberrations. 
[0027] In step 24, the optical system can be charac- 
terized. This may include only the identification of the 
distortion level. When an off -axis point's image falls 
closer or further from the optical axis than the point's 
image by the paraxial rays, the image is referred to as 
being "distorted." The amount of distortion is the trans- 
verse distance between the actual image point and the 
paraxial image point. This displacement is usually 
measured in terms of percentage displacement with re- 
spect to the position of the paraxial image point from the 
optical axis. The displacement usually varies as the 
cube of the distance from the axis. Thus, for example, 
a square object has corners that are distorted 2j2 times 
more than the center of an edge of the image. For a sit- 
uation in which the image points movef urther away from 
the optical axis, the corners of the image appear to be 
pointed outwardly in what is called pincushion distortion. 
By convention, pincushion distortion is associated with 
a positive distortion level. On the other hand, when the 
image points move inwardly from the correct position, 
the corners are more rounded and the distortion is re- 
ferred to as barrel distortion. Barrel distortion is associ- 
ated with a negative distortion level. 
[0028] The characterization of the optical system 
properties is preferably input to the digital processing 
system 1 8 at step 26. This facilitates distortion compen- 
sation at the digital image processing system level. 
While the distortion introduced by the optical system 1 2 
is preferably algorithm predictive throughout the image, 
this is not critical since the input of the characterization 
data to the digital processing system allows the distor- 
tion to be offset even when it is irregular across the field 
of view of the optical system. 

[0029] In step 28, the sensor 14 can be used to cap- 
ture an image of the surface of interest 1 6. In some ap- 
plications, it may be necessary to increase the size of 
the sensor or to increase the magnification factor of the 
optical system 12 relative to conventional implementa- 
tions, since the "pre-sh aping" that is provided by the op- 
tical system might otherwise result in a loss of imagea- 
ble sensor pixels. Raw image data from the sensor is 
input to the digital processing system 18. A number of 
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operations may be executed at the digital processing 
system. A required operation is to offset the distortion 
introduced at the optics level. Preferred step 30, digitally 
offsetting distortion is shown also in Fig.2. A step 32 of 
displaying the final image may be executed immediate- 
ly, but this is not critical. 

[0030] The benefits of relaxing distortion tolerances 
at the optical system level can be best demonstrated by 
providing an example. In Fig. 3, a prior art wide angle 
lens system is shown as including two doublet lenses 
34 and 36 and three singlet lenses 38, 40 and 42. The 
system is similar to the one described in U.S. Pat. No. 
2,975,673 toMandler, which is designed for convention- 
al cameras. The performance was analyzed at f/3.5, 
even though the lens was rated at f/1 .4. Since a digital 
sensor camera counterpart probably has a smaller lens 
system, due to a smaller detector format that inherently 
lends itself to smaller aberrations, the lens system was 
scaled to the same format as a digital sensor in order to 
provide a fairer comparison. The focal length = 11 and 
the numerical aperture = 0.1429. 
[0031] Using ray trace analysis, certain aberration 
characteristics of the system of Fig. 3 were determined. 
These characteristics are shown in Fig. 4. Real chief 
rays were traced from a series of object points and the 
resultant image surface data were then compared to the 
corresponding paraxial data. In the graphs of Fig. 4, the 
ordinate in the graphs represents the fractional object 
height ranging from 0 for on-axis to 1 at the field periph- 
ery. As seen from the distortion curve, the optical system 
is well corrected with respect to distortion for all field 
points. The maximum distortion level is less than two- 
tenths percent. However, the modulation transfer func- 
tion (MTF) of Fig. 5 shows that the lens performance is 
close to diffraction limit, i.e. the ideal, only for an on-axis 
curve 44. The "ideal" is represented by curve 46. Also 
shown are a 0.7 field curve 48 and a full field curve 50. 
The full field fifty percent MTF is achieved at only 20 
cycles/mm. 

[0032] Calculations were formulated regarding cor- 
rection of certain third-order Seidel aberrations. The cal- 
culation for spherical aberration was -0.004692. The 
calculation for coma was 0.001 961 . The calculation for 
astigmatism was 0.018577. The calculation for Petzval 
field curvature was -0.075570. Finally, the calculation for 
distortion was -0.010748. 

[0033] Fig. 6 is an optical system designed in accord- 
ance with the invention. The optical system is a wide 
angle tens design with the same field angle (62 degrees) 
and format as the optical system of Fig. 3. However, the 
goal was to balance a number of forms of aberrations 
without any consideration for minimizing distortion. The 
lens system includes two doublet lenses 52 and 54 and 
three singlet lenses 56, 58 and 60. 
[0034] Ray trace analysis is provided for the f/3.5, 
62-degree field optical system of Fig. 6. The graphs are 
shown in Fig. 7. Since distortion is not taken into account 
as a performance criteria for the lens system, the dis- 



tortion level is much greater than that of the system of 
Fig. 3. The distortion level reaches approximately ten 
percent for the system of Fig. 6, while the distortion level 
did not reach two-tenths percent for the prior art system 

5 of Fig. 3. However, measures of other third-order Seidel 
aberrations were significantly lower for the system of 
Fig. 6. Spherical aberration was -0.003029. The meas- 
ure of coma was -0.001582. The measure of astigma- 
tism was 0.004861 . Petzval field curvature was meas- 

10 ured at -0.021771. Distortion was measured at 
-0.892056. With the exception of distortion, aberrations 
were reduced to lower levels without an increase in com- 
plexity, i.e. an increase in the number of optical ele- 
ments. As can be seen in the graphs of Fig. 7, both astig- 

15 matism and lateral color are smaller for the lens system 
of Fig. 6, which was designed in accordance with the 
principles described with reference to Fig. 2. The im- 
provement can be demonstrated more effectively using 
the MTF graph of Fig. 8. Of course, the "ideal" curve 46 

20 js identical to that of Fig. 5. For each of the on-axis curve 
62, the 0.7 field curve 64 and the field curve 66, signif- 
icant improvements are demonstrated, relative to the 
curves of Fig. 5. 

[0035] The distortion evidenced in the distortion graph 
25 of Fig. 7 can be corrected at the digital image processing 
level, as explained with reference to Figs. 1 and 2. An 
advantage of this approach is that a simpler optical sys- 
tem can be utilized without a loss in overall performance 
of an overall digital imaging system. Since lens simpli- 
30 fication typically translates into a less expensive optical 
system, the approach of Fig. 2 partially offsets the trade- 
off between cost and overall system performance. Alter- 
natively, the approach can be used to enhance perform- 
ance without increasing the cost of the system. Moreo- 
35 ver, wide angle lenses are more obtainable, since dis- 
tortion is one of the main limiting factors in the design 
of wide angle lenses. 

40 Claims 

1. A method of forming digital images comprising 
steps of: 

45 providing a sensor (14) for forming digital image 

data representative of an image directed onto 
said sensor; 

shaping images (28) presented to said sensor 
to include substantial distortion as a sacrifice to 

so offsetting other forms of aberrations, including 

selecting (22) an optical system (1 2) to achieve 
such shaped images; and 
digitally correcting (30) said shaped images 
within a digital image processing system (18) 

55 connected to receive signals from said sensor, 

including reshaping said shaped images to 
substantially correct said substantial distortion. 
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2. The method of claim 1 wherein said step of shaping 
(28) said images includes designing (22) said opti- 
cal system ( 1 2) in an absence of a trade-off between 
minimizing distortion and minimizing aberration 
contributions of astigmatism, coma, Petzval field 
curvature and spherical aberration. 

3. The method of claim 1 or 2 wherein said step of pro- 
viding said sensor (1 4) includes positioning an array 
of sensor elements relative to said optical system 
(12) to sample (28) images presented via said op- 
tical system. 

4. The method of any preceding claim, wherein said 
step of shaping images (28) includes introducing a 
distortion level of at leastfive percent to images pre- 
sented to said sensor. 

5. The method of any preceding claim, further com- 
prising steps of characterizing (24) said substantial 
distortion across a field of view of said sensor (14) 
and identifying (26) said characterization to said 
digital image processing system (18) for reshaping 
(30) said shaped images. 

6. The method of claim 5 wherein said step of charac- 
terizing (24) said substantial distortion includes 
quantifying displacement of digital sampling points 
of data of said sensor (1 4) relative to paraxial image 
points of a true image that is sampled. 

7. An imaging system (10) comprising: 

a sensor (14) for forming digital image data rep- 
resentative of an image received at said sen- 
sor; 

an optical arrangement (12) having optical ele- 
ments (34, 36, 38, 40 and 42; 52, 54, 56, 58, 
60) arranged to define optical properties which 
impose a distortion level of at least five percent 
while other aberration contributions are main- 
tained at low levels, said optical arrangement 
being positioned to direct an image onto said 
sensor; and 

digital processing circuitry (18) for correcting 
(30) said distortion imposed by said optical ar- 
rangement, said digital processing circuitry be- 
ing connected to said sensor to receive said 
digital image data from said sensor; 
wherein said optical arrangement provides 
front end image shaping that sacrifices distor- 
tion-free imaging to control said other aberra- 
tion contributions and wherein said digital 
processing circuitry provides back end image 
shaping to substantially correct distortion intro- 
duced by said front end image shaping. 

8. The imaging system (10) of claim 7 wherein said 



sensor (14) is a two-dimensional array of sensor el- 
ements. 

9. The imaging system of claim 7 or 8 wherein said 
5 optical arrangement (12) defines said optical prop- 

erties to impose aberration levels of less than two 
percent with respect to astigmatism, coma and 
spherical aberration. 

10 10. The imaging system of claim 7, 8 or 9 wherein said 
digital processing circuitry (18) includes data spe- 
cific to said optical properties defined by said optical 
arrangement (12). 



1. Ein Verfahren zum Erzeugen digitaler Bilder, das 
folgende Schritte aufweist: 

20 

Bereitstellen eines Sensors (1 4) zum Erzeugen 
von Digitalbilddaten, die fur ein auf den Sensor 
gerichtetes Bild reprasentativ sind; 

25 Formen von Bildem (28), die dem Sensor pra- 

sentiert werden, urn eine betrachtliche Verzer- 
rung als ein Opfer bezuglich eines Ausglei- 
chens anderer Formen von Aberrationen zu 
umfassen, einschlieBlich eines Auswahlens 
30 (22) eines optischen Systems (12), um derarti- 

ge geformte Bilder zu erreichen; und 

digitales Korrigieren (30) der geformten Bilder 
in einem Digitalbildverarbeitungssystem (18), 
35 das verbunden ist, um Signale von dem Sensor 

zu empfangen, einschlieBlich eines Umfor- 
mens der geformten Bilder, um die betrachtli- 
che Verzerrung im wesentlichen zu korrigieren. 

40 2. Das Verfahren gemaB Anspruch 1, bei dem der 
Schritt des Formens (28) der Bilder das Entwerfen 
(22) des optischen Systems (12) bei einem Nicht- 
vorhandensein eines Kompromisses zwischen ei- 
nem Minimieren einer Verzerrung und einem Mini- 
45 mieren von Aberrationsbeitragen eines Astigmatis- 
mus, eines Asymmetriefehlers, einer Petzval-Feld- 
kriimmung und einer spharischen Aberration um- 
faBt. 

50 3. Das Verfahren gemaB Anspruch 1 oder2, bei dem 
der Schritt des Bereitstellens des Sensors (14) das 
Positionieren eines Arrays aus Sensorelementen 
relativ zu dem optischen System (1 2), um Bilder, die 
uber das optische System prasentiert werden, ab- 
55 zutasten (28), umfaBt. 

4. Das Verfahren gemaB einem der vorhergehenden 
Anspruche, bei dem der Schritt des Formens von 
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Bildern (28) das Einfiihren eines Verzerrungsgra- 
des von mindestens funf Prozent bei Bildern, die 
dem Sensor prasentiert werden, umfaBt 

5. Das Verfahren gemaB einern der vorhergehenden 5 
Anspruche, das ferner Schritte des Charakterisie- 
rens (24) der betrachtlichen Verzerrung uber ein 
Sichtfeld des Sensors (14) und des Identifizierens 
(26) der Charakterisierung gegenuber dem Digital- 
bildverarbeitungssystem (18) zum Umformen (30) 10 
der geformten Bilder aufweist. 

6. Das Verfahren gemaB Anspruch 5, bei dem der 
Schritt des Charakterisierens (24) der betrachtli- 
chen Verzerrung den Schritt des Quantifizierens ei- 15 
ner Verschiebung von Digitalabtastpunkten von Da- 
ten des Sensors (14) relativ zu Paraxialbildpunkten 
eines echten Bildes, das abgetastet wird, umfaBt. 

7. Ein Bilderzeugungssystem (10), das folgende 20 
Merkmale ausweist: 

einen Sensor (14) zum Erzeugen von Digital- 
bilddaten, die fur ein Bild, das an dem Sensor 
empfangen wird, reprasentativ sind; 25 

eine optische Anordnung (1 2), die optische Ele- 
mente (34, 36, 38, 40 und 42; 52, 54, 56, 58, 
60) aufweist, die angeordnetsind, um optische 
Eigenschaften zu definieren, die einen Verzer- so 
rungsgrad von mindestens funf Prozent aufer- 
legen, wahrend andere Aberrationsbeitrage 
auf einem niedrigen Niveau gehalten werden, 

wobei die optische Anordnung positioniert ist, 35 
um ein Bild auf den Sensor zu richten; und 

einen Digitalverarbeitungsschaltungsaufbau 
(18) zum Korrigieren (30) der durch die opti- 
sche Anordnung auferlegten Verzerrung, wo- 40 
bei der Digitatverarbeitungsschaltungsaufbau 
mit dem Sensor verbunden ist, um die Digital- 
bilddaten von dem Sensor zu empfangen; 

wobei die optische Anordnung eine eingangsseitige *s 
Bildformung bereitstellt, die eine verzerrungsfreie 
Bilderzeugung opfert, um die anderen Aberrations- 
beitrage zu steuern, und wobei der Digitalverarbei- 
tungsschaltungsaufbau eine ausgangsseitige Bild- 
formung bereitstellt, um eine durch die eingangs- so 
seitige Bildformung eingebrachte Verzerrung im 
wesentlichen zu korrigieren. 

8. Das Bilderzeugungssystem (10) gemaB Anspruch 

7, bei dem der Sensor (1 4) ein zweidimensionales 55 
Array aus Sensorelementen ist. 

9. Das Bilderzeugungssystem gemaB Anspruch 7 



Oder 8, bei dem die optische Anordnung (12) die 
optischen Eigenschaften definiert, um Aberrations- 
grade von weniger als zwei Prozent bezuglich 
Astigmatismus, Asymmetriefehler und spharischer 
Aberration aufzuerlegen. 

10. Das Bilderzeugungssystem gemaB Anspruch 7, 8 
oder 9, bei dem der Digitalverarbeitungsschal- 
tungsaufbau (18) Daten umfaBt, die fur die opti- 
schen Eigenschaften, die durch die optische Anord- 
nung (12) definiert sind, spezifisch sind. 



Revendications 

1 . Un procede de production d'images numeriques qui 
comprend les etapes consistant a: 

agencer un capteur (14) pour former des don- 
nees d'image numerique representatives d'une 
image dirigee sur (edit capteur; 
configurer des images (28) presentees audit 
capteur pour inclure une distorsion sensible en 
tant que sacrifice pour compenser d'autres for- 
mes d'aberrations, y compris selectionner (22) 
un systeme optique (12) pour realiser ces ima- 
ges configurees; et 

corriger numeriquement (30) lesdites images 
configurers a I'interieur d'un systeme (18) de 
traitement d'images numeriques connecte pour 
recevoir des signaux dudit capteur, y compris 
reconfigurer lesdites images configurees afin 
de corriger sensiblement ladite distorsion sen- 
sible. 

2. Le procede selon la revendication 1 dans lequel la- 
dite etape de configuration (28) desdites images in- 
clut la realisation (22) dudit systeme optique (12) 
en Pabsence d'un compromis entre une minimisa- 
tion de distorsion et une minimisation de contribu- 
tions d'aberrations d'astigmatisme, de coma, de 
courbure du champ de Petzval et d'aberration sphe- 
rique. 

3. Le procede selon la revendication 1 ou 2, dans le- 
quel ladite etape d'agencement dudit capteur (14) 
inclut I'etape consistant a positionner un ensemble 
d'elements capteurs par rapport audit systeme op- 
tique (12) afin d'echantillonner (28) des images pre- 
sentees par I'intermediaire dudit systeme optique. 

4. Le procede selon I'une quelconque des revendica- 
tions precedentes, dans lequel ladite etape de con- 
figuration (28) d'images inclut I'etape consistant a 
introduire un niveau de distorsion d'au moins cinq 
pour-cent dans tes images presentees audit cap- 
teur. 
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5. Le procede selon Tune quelconque des revendica- 
tions precedentes, qui inclut en outre les etapes 
consistant a caracteriser (24) ladite distorsion sen- 
sible sur un champ de vision dudit capteur (14) et a 
identifier (26) ladite caracterisation audit systeme 
(18) de traitement d'images numeriques pour re- 
configurer (30) lesdites images configurers. 

6. Le procede selon la revendication 5 dans lequel la- 
dite etape de caracterisation (24) de ladite distor- 
sion sensible inclut I'etape consistant a quantifier 
un decalage de points d'echantillonnage numerique 
de donnees dudit capteur (14) par rapport a des 
points d' image paraxiaux d'une image vraie qui est 
echantillonnee. 

7. Un systeme d'imagerie (10) qui comprend: 

un capteur (14) pour former des donnees 
d'image numerique representatives d'une ima- 
ge regue dudit capteur; 

un agencement optique (12) qui inclut des ele- 
ments optiques (34, 36, 38, 40 et 42; 52, 54, 
56, 58, 60) agences pour definir des proprietes 
optiques qui imposent un niveau de distorsion 
d'au moins cinq pour-cent tandis que d'autres 
contributions d'aberrations sont maintenues a 
des niveaux bas, ledit agencement optique 
etant positionne de maniere a diriger une image 
vers ledit capteur; et 

un circuit de traitement numerique (18) pour 
corriger (30) ladite distorsion imposee par ledit 
agencement optique, ledit circuit de traitement 
numerique etant connecte audit capteur pour 
recevoir dudit capteur lesdites donnees d'ima- 
ges numeriques; 

dans lequel ledit agencement optique realise 
une configuration d'image d'entree qui sacrifie une 
imagerie exempte de distorsion afin de maitriser 
lesdites autres contributions d'aberrations et dans 
lequel ledit circuit de traitement numerique realise 
une configuration d'image de sortie pour corriger 
sensiblement une distorsion introduite par ladite 
configuration d'image d'entree. 

8. Le systeme d'imagerie (1 0) selon la revendication 

7 dans lequel ledit capteur (14) est un ensemble bi- 
dimensionnel d'elements capteurs. 

9. Le systeme d'imagerie selon la revendication 7 ou 

8 dans lequel ledit agencement optique (12) definit 
lesdites proprietes optiques afin d'imposer des ni- 
veaux d'aberrations inferieurs a deux pour-cent en 
ce qui concerne I'astigmatisme, le coma et I'aber- 
ration spherique. 

10. Le systeme d'imagerie selon la revendication 7, 8 



ou 9 dans lequel ledit circuit de traitement numeri- 
que (18) inclut des donn6es specifiques auxdites 
proprietes optiques definies par ledit agencement 
optique (12). 
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FIG. 3 (PRIOR ART) 
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